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Determinants of glomerular hypofiltration in aging humans.
Background. The purpose of the present study was to con-
firm the extent to which glomerular filtration rate (GFR) is
depressed in healthy, aging subjects and to elucidate the mecha-
nism of such hypofiltration.
Methods. Healthy volunteers aged 18 to 88 years (N  159)
underwent a determination of GFR, renal plasma flow (RPF),
afferent oncotic pressure, and arterial pressure. Glomeruli in
renal biopsies of healthy kidney transplant donors aged 23 to
69 years (N  33) were subjected to a morphometric analysis,
so as to determine glomerular hydraulic permeability and fil-
tration surface area. The aforementioned GFR determinants
were then subjected to mathematical modeling to compute the
glomerular ultrafiltration coefficient (Kf) for two kidneys and
individual glomeruli.
Results. GFR was significantly depressed (P  0.0001) by
22% in aging (55 years old) compared to youthful subjects
(40 years old). Corresponding reductions of the following
GFR determinants in the aging vs. youthful subsets were RPF
by 28% (P  0.0001), two-kidney Kf by 21% to 53% (P 
0.005), glomerular hydraulic permeability by 14% (P  0.03),
and the single-nephron Kf (SNKf) by 30% (P  0.09). There
were no significant differences between aging and youthful
subsets for afferent oncotic pressure and filtration surface area
per glomerulus.
Conclusion. We conclude that a reduction in overall, two-
kidney Kf contributes to GFR depression in aging subjects. We
infer that this is due in part to structural changes that lower
SNKf, and in part to the reduction in the actual number of
functioning glomeruli that has been demonstrated by others
at autopsy.
Fifty-four years have elapsed since a landmark study
by Davies and Shock [1] demonstrated an inverse rela-
tionship between the glomerular filtration rate (GFR)
and age. These investigators used the urinary clearance
of inulin, a technique that remains the “gold standard,”
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to determine GFR in 70 males aged 24 to 89 years. They
observed that values during the fourth and fifth decades
of life exceeded corresponding values during the seventh
and eighth decades by 20% to 25% [1]. Subsequent stud-
ies of GFR over the next 20 years confirmed the negative
correlation with age in men, and demonstrated the same
phenomenon in women [2].
Evidence that renal plasma flow (RPF) falls in parallel
with the GFR has suggested a possible hemodynamic
basis for the hypofiltration associated with aging [1–3].
Other studies have described renal structural changes
that could lower intrinsic glomerular ultrafiltration ca-
pacity. Autopsy studies of subjects not known to have a
renal disease have demonstrated a reduction in renal
weight and volume by approximately one third, between
the fifth and ninth decades [4]. This is associated with a
parallel increase in the prevalence of global glomerulo-
sclerosis [5, 6]. Using an accurate and unbiased, stereo-
logic technique, Nyengaard and Bendsten [7] have also
demonstrated that the number of glomeruli in subjects
coming to autopsy declines as a function of age. Thus,
a loss of functioning glomeruli may explain much of the
observed GFR reduction with advancing age.
In an effort to further elucidate the mechanism of aging-
associated GFR depression, we have examined healthy,
human volunteers whose ages spanned the second through
ninth decades of life. We combined a physiologic evalua-
tion of glomerular filtration dynamics with a morphomet-
ric analysis of glomerular structure. We then used mathe-
matical modeling to estimate the glomerular ultrafiltration
coefficient (Kf), both at the two-kidney level and at the
level of a single nephron. Our findings form the basis of
this report.
METHODS
Study subjects
The subjects of our study were 192 healthy individuals
who spanned an age range of 18 to 88 years. They were
divided into two groups. Group 1 was composed of 159
volunteers. Their ages varied between 18 and 88 years,
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and 94 were men. They underwent physiologic studies
to evaluate glomerular filtration and its hemodynamic
determinants. Group 2 was composed of 33 kidney trans-
plant donors, 27 of whom were living, related donors.
Because only one of the latter was older than 60 years,
we also studied six consecutive cadaveric kidney donors.
The ages of all 33 kidney donors varied between 23 and
69 years and 17 were male. A wedge biopsy of each kid-
ney was taken 30 to 60 minutes after reperfusion of the
allograft during the transplant procedure. All members
of both groups denied a history of renal disease, hyper-
tension, or diabetes mellitus. At the time of evaluation,
each was found to be normotensive and normoglycemic,
to have a normal serum creatinine level, and to have a
urinary protein excretion rate in the normal range.
Physiologic evaluation
The subjects in group 1 underwent a determination of
GFR, RPF, and preglomerular vascular pressures, ac-
cording to a protocol approved by the Institutional Re-
view Board at the Stanford University School of Medi-
cine. Initially, blood was sampled for determination of
plasma oncotic pressure (A). Urine was voided sponta-
neously after diuresis had been established with an oral
water load (10 to 15 mL/kg). A priming dose of inulin
(50 mg/kg) and para-aminohippuric acid (PAH) (12 mg/kg)
was then administered. Thereafter, inulin and PAH were
given by continuous infusion to maintain plasma levels
constant at approximately 20 and 1.5 mg/dL, respectively.
Sixty minutes after the priming infusion, arterial blood
pressure was determined. Four timed urine collections
were then made, each of which was bracketed by a blood
sample drawn from a peripheral vein. The GFR was ex-
pressed as the average value for the four timed inulin
clearances. The rate of RPF was estimated by dividing
the corresponding clearance of PAH by 0.9, a typical
value in our laboratory for the renal arteriovenous ex-
traction ratio for PAH in healthy subjects [8]. Inulin and
PAH were determined with colorimetric methods using a
Technicon Auto Analyzer II [8]. Plasma oncotic pressure
was measured directly using a Wescor 4400 membrane
osmometer (Wescor, Inc., Logan, UT, USA), as described
by us in detail elsewhere [9].
Morphometric evaluation
Light micrososcopy. All glomeruli in a single, 1 m
thick section stained with periodic acid-Schiff (PAS) re-
agent were analyzed at the light microscopic level. On
average, 17 (range, 4 to 58) glomeruli were examined by
light microscopy in each subject. A dedicated computer
system (Southern Micro Instruments, Inc., Atlanta, GA,
USA), consisting of a video camera and monitor, micro-
scope and digitizing tablet, was used to perform the mea-
surements. The outline of each glomerular tuft in the
section was traced onto the digitizing tablet and the mean
tuft cross-sectional area was determined using computer-
ized planimetry. We next counted the number of patent
(Np) and globally sclerotic (Ns) glomeruli in a single
section of cortical tissue. The percentage of globally scle-
rotic glomeruli (G1) was calculated by:
G1 
Ns
Ns  Np(Ds/Dp)
 100 [1]
where Ds and Dp are the mean diameters of globally
sclerotic and patent glomeruli, respectively, derived from
the tuft cross-sectional areas. The ratio Ds/Dp adjusts for
the difference in the probability of encountering a glo-
merulus of either type in a random cross-section due to
their different sizes. Glomerular volume (VG) was calcu-
lated from the average tuft cross-sectional area (AG) as
follows:
VG 
	
d
(AG)3/2( fs) [2]
where 	 is a dimensionless shape coefficient (	  1.38
for spheres), d is a size distribution coefficient (d  1.1),
which is used to adjust for variations in glomerular size
[10], and fs is a correction factor for the tissue shrinkage
associated with paraffin embedding (fs  1.64) [11]. The
fractional interstitial area was examined at 600 magni-
fication. A 10  10 point grid was superimposed over
each field in the entire cross section, and the fraction of
total area occupied by interstitium was determined by
point counting. Interstitial area was defined as that out-
side tubular and vascular structures, other than peritubu-
lar capillaries.
Electron microscopy. For transmission electron micros-
copy, tissue was fixed in 2.5% glutaraldehyde and 2.0%
paraformaldehyde in 0.1 mol/L cacodylate buffer and
then embedded in Epon. Toluidine blue-stained sections
were surveyed to locate blocks with patent glomeruli
present entirely within the block. An ultrastructural anal-
ysis was performed on two or three glomerular profiles in
each subject. Ultra-thin sections (90 nm) of the selected
glomeruli were stained with lead citrate and uranyl ace-
tate. A complete montage of each glomerulus (2850
magnification) was prepared and line-intercept sampling
was used to calculate the fractional surface density of
the peripheral (filtering) capillary wall (Sv) by standard
stereologic methods [10]. Six to eight images of periph-
eral capillary loops in each of the glomerular profiles were
then photographed at 11,280 to evaluate the frequency
of epithelial filtration slits and the thickness of the pe-
ripheral glomerular basement membrane. Filtration slit
frequency (FSF) was determined by counting the total
number of epithelial filtration slits and dividing that num-
ber by the total length of the peripheral capillary wall
at the epithelial interface [12]. The harmonic mean base-
ment membrane thickness was calculated for each indi-
vidual using the method of orthogonal intercepts [13]:
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Calculations
Two-Kidney Kf . A mathematical model for the glo-
merular filtration of water [14] was used to calculate the
two-kidney Kf , which is considered to reflect the product
of glomerular hydraulic permeability and the total filtra-
tion surface area of all glomeurlar capillaries in the two
human kidneys. The input values for the model included
the measured values of GFR, RPF, and A, as well as an
assumed value for the glomerular transcapillary hydrau-
lic pressure difference (
P). The latter quantity cannot
be directly measured in humans. However, using an indi-
rect curve-fitting technique we have estimated that 
P ap-
proximates 40 mm Hg in the healthy human kidney [15],
and have assigned this value in the present study. We
also attempted to take into account the phenomenon of
increasing arterial pressure during the aging process, and
the possibility that a fraction of the increment in arterial
pressure is likely to be transmitted into glomerular capil-
laries. To allow for an ensuing elevation of 
P on com-
puted Kf , we also calculated Kf in the older subjects above
age 55 years using an assumed 
P value of 45 mm Hg.
Single Nephron Kf . The total filtration surface area in
a single glomerular tuft (S) was calculated from:
S  Sv  VG [3]
where Sv and VG are, respectively, the filtration surface
density and glomerular tuft volume.
The intrinsic hydraulic permeability of the glomerular
capillary wall (k) was estimated from the FSF and base-
ment membrane thickness by using a hydrodynamic
model of viscous flow that has been described in detail
elsewhere [12, 16, 17]. In this model, the capillary wall
consists of a large number of repeating structural units,
each of which is based on a single filtration slit. The
width of such a structural unit (W) is calculated from
the FSF by:
W 
2


1
FSF
[4]
where 2/ is a stereologic factor, which accounts for the
random angle of sectioning [16].
Considering the capillary wall as a system of resis-
tances in series, the overall hydraulic permeability (k)
is calculated from the permeabilities of each component
layer by:
k   1ken 
1
kbm

1
kep

1
[5]
where ken, kbm, and kep are, respectively, the hydraulic
permeabilities of the endothelium, basement membrane,
and epithelium. Many of the needed structural param-
eters have not been measured for the human glomerular
capillary wall, necessitating substitution of correspond-
ing values derived from rats, as described in detail by us
previously [12, 18]. The values derived from previous
studies in the rat and used in the model calculation in-
clude the permeabilities of the endothelium (ken, 2.0 
107 m/s/Pa) and of the slit diaphragm (ks, 7.9  108
m/s/Pa), the filtration slit diaphragm width (Ws, 41 nm)
and the Darcy permeability of the glomerular basement
membrane (kD, 2.7 nm2) [16, 19]. A preliminary study in
our laboratory has shown that the value for Ws in humans
(36  4 nm, N  4) is probably quite similar to that in
the rat [18].
The permeability of the epithelial layer was calculated
using:
kep  εsks 
Ws
W
ks [6]
where εs is the fraction of the basement membrane area
occupied by filtration slits, and Ws is the slit width (εs 
Ws/W). The permeability of the basement membrane
(kbm) was calculated using equation 21 of Drumond and
Deen [16].
The single-nephron ultrafiltration coefficient (SNKf)
for each subject was calculated from the product of fil-
tration surface area (S) and the local hydraulic perme-
ability of the walls of patent glomerular capillaries (k)
in the glomeruli that were examined ultrastructurally. In
making this calculation, we corrected for the effect of
immersion fixation to decrease glomerular dimensions
relative to in situ perfused glomeruli [11].
Statistical analysis
Linear regression analysis was utilized to examine pos-
sible relationships between the GFR and its physiologic
or structural determinants on the one hand, and age, on
the other. Student t test was utilized to assess the differ-
ence in the GFR and its determinants between youthful
(40 years) and aging (55 years) subjects. Results are
reported as the mean  standard deviation.
RESULTS
Glomerular filtration dynamics
We confirmed a negative correlation between GFR
and age, which is illustrated in Figure 1. By linear regres-
sion analysis the correlation coefficient (r) was –0.44
(P  0.0001). Figure 1 also reveals that the correlation
was similar among males and females.
An essentially identical relationship to that observed
for GFR was present between RPF and age (r  0.45,
P 0.0001) (Fig. 2A). As a result, no significant relation-
ship was evident between filtration fraction and age (r
0.21, P  NS). Absence of a relationship with age was
also observed for afferent oncotic pressure (r  0.07,
P  NS). In contrast, mean arterial pressure increased
significantly as a function of age (r  0.38; P  0.0001)
(Fig. 2B).
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Fig. 1. Glomerular filtration rate (GFR) plotted as a function of age
in 164 healthy individuals. Symbols are: () males; () females.
Fig. 2. Renal plasma flow (RPF) (A ) as a function of age and mean
arterial pressure (MAP) (B ) as a function of age.
GFR and its determinants are compared between
youthful (40 years) and aging subjects (55 years) in
Table 1. The GFR was lower in the aging than in the
youthful group by 22%, 81 17 mL/min/1.73 m2vs. 104
15 mL/min/1.73 m2, respectively (P  0.0001). A corre-
sponding reduction in RPF was by 28%, 413  106 mL/
min/1.73 m2 vs. 576  127 mL/min/1.73 m2, respectively
Table 1. Filtration dynamics
Age 40 Age 55
years years
(N  110) (N  27) P value
Glomerular filtration fraction
mL/min 10415 8117 0.0001
Renal plasma flow mL/min 576127 413106 0.0001
Filtration fraction 0.190.04 0.200.05 0.05
Plasma oncotic pressure
mm Hg 24.92.5 24.50.21 NS
Mean arterial pressure
mm Hg 888 978 0.0001
Fig. 3. Two-kidney ultrafiltration coefficient (Kf) for P  40 mm Hg
in youthful (40 years) and P  40 or 45 mm Hg in aging subjects
(55 years). *P  0.005 vs. youthful.
(P  0.0001). A proportionately larger fall in RPF than
GFR in the aging subjects resulted in a small but signifi-
cant increase in the filtration fraction (Table 1). Whereas,
the afferent oncotic pressures did not differ between the
two groups, the mean arterial pressure was significantly
higher in the aging than the youthful group, 97 
8 mm Hg vs. 88  8 mm Hg, respectively (Table 1, P 
0.0001). Assuming that 
P  40 mm Hg, the computed
two-kidney Kf in the youthful group is 11.3  4.9 mL/
(min • mm Hg) (Fig. 3). Making the conservative as-
sumption that 
P is also 40 mm Hg in the aging group,
the Kf is significantly reduced below youthful levels by
21% to 8.9  4.3 mL/(min • mm Hg). In the event that
some fraction of the higher arterial pressure is transmit-
ted into glomerular capillaries, thereby elevating 
P to
45 mm Hg, however, depression of the two-kidney Kf in
the aged is much more substantial, on average by 53%
to only 5.3  1.4 mL/(min • mm Hg) (Fig. 3).
Glomerular structure
In contrast to reports from autopsy studies of preva-
lent global sclerosis in aging individuals [5, 6], we ob-
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Fig. 4. Percent of global glomerulosclerosis in biopsies of youthful
(40 years) and aging (55 years) healthy subjects.
served glomerulosclerosis in only one of seven aging
kidney donors. The prevalence of this phenomenon was
also low in our youthful kidney donors, two of the 16
(Fig. 4). In keeping with this finding, fractional interstitial
area was unrelated to age (r  0.01, P  NS) (Table 2).
No statistically significant relationship was observed be-
tween the morphometrically determined measures of
glomerular structure and age. However, negative rela-
tionships with age approached statistical significance for
two quantities, namely filtration surface density (r 
0.32, P  0.07) (Fig. 5B) and FSF (r  0.33, P 
0.06) (Fig. 5A).
These trends are reflected in significant differences
when the aforementioned quantities are compared be-
tween the youthful (40 years) and aging (55 years)
subsets of those undergoing a renal biopsy. Filtration
surface density averaged only 0.10  0.01 m2/m3 in
the aging group vs. 0.13  0.04 m2/m3 in the youthful
group (P  0.01). Corresponding levels for glomerular
volume were similar, 2.3  0.5 m2  105 vs. 2.4 
0.9 m3  106, respectively (P  NS) (Table 2). As a
result a trend toward lower filtration surface area (the
product of filtration surface density and glomerular vol-
ume) in the aging group failed to reach statistical signifi-
cance; 2.4  0.7 m2  105 vs. 3.0  1.1 m2  105,
respectively (Fig. 6B). FSF was less in the aging than
the youthful group, 1110  97 slits/mm vs. 1272  182
slits/mm, respectively (P  0.04) (Table 2). A trend to-
ward widening of the glomerular basement membrane
failed to reach significance in the aging group compared
to the youthful group, 461  81 nm vs. 417  61 nm,
respectively (Table 2). Nevertheless, the computed hy-
draulic permeability of glomerular capillary walls was
significantly lower in the aging than youthful group, 1.8
0.2 m/s/Pa 109 vs. 2.1 0.3 m/s/Pa 109, respectively
(P  0.03) (Fig. 6A). From the product of filtration
surface area and hydraulic permeability, we estimate that
the SNKf in aging subjects is lower than in youthful
subjects, 4.9  1.7 nL/(min • mm Hg) vs. 7.0  2.9 nL/
(min • mm Hg), but the difference failed narrowly to
reach statistical significance (P  0.09) (Fig. 6C). Of
note, the reduction in computed SNKf is 30%, a value
intermediate between those reductions computed for
two-kidney Kf, by assuming
P values of 40 or 45 mm Hg.
DISCUSSION
The term “renal senescence” implies a series of physio-
logic and structural alterations that lower renal function
in aging individuals. We have used the GFR, the best
overall measurement of renal function, to document the
phenomenon of senescence in the human kidney (Fig. 1)
(Table 1). Our findings replicate those of earlier investi-
gators who showed that healthy individuals above the
age of 60 years exhibit a GFR that is 20% to 30% lower
than corresponding levels in individuals below the age
of 50 years [1, 2].
The GFR has just four determinants, namely RPF,
A, the 
P, and the Kf [14]. We have provided evidence
of depression of two of these determinants, RPF and Kf,
in aging humans. There was no change with age in A.
The remaining determinant, 
P, cannot be measured in
humans. However, it seems plausible that some fraction
of the higher arterial pressure associated with aging
(Fig. 2) is transmitted into glomerular capillaries, thereby
elevating 
P. By itself, this would increase the outward
driving force for formation of filtrate, and thus elevate
GFR in aging subjects [14].
Our finding of a parallel fall in RPF and GFR with
advancing age (Fig. 2) has been previously demonstrated
by other investigators using either the PAH clearance
[1, 2] or the xenon washout technique [3]. A parallel fall
in RPF and GFR has also been observed in the aging
rat by Baylis [20]. Using the micropuncture technique,
the author could not demonstrate any alteration with
aging in A, 
P, or Kf. This led to the conclusion, by ex-
clusion, that a low RPF rate is uniquely responsible for
aging-related hypofiltration in this species [20, 21]. That
author and others have proposed that such glomerular
underperfusion is a consequence of a growing imbalance
during aging of neurohormonal influences that are vaso-
constrictor over those that are vasodilator [21, 22].
It is worthy of note that in the aforementioned studies
of xenon washout, Hollenberg et al [3] employed com-
partmental analysis to demonstrate that the reduction
of RPF in aging humans could be accounted for entirely
by reduced flow into the outer cortical compartment.
This is in accord with the finding at autopsy that a decline
in renal weight and volume, between the fifth and ninth
decades, is predominantly a consequence of loss of renal
mass from the outer cortex [4]. An underlying loss of
vascular, and especially capillary mass, has been held to
result in glomerular tuft collapse with a reduction in the
number of vascular channels and eventually, hyaliniza-
tion of the tuft [23]. The ensuing loss of cortical vascular
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Table 2. Glomerular morphometry
Age 40 years Age 55 years
(N  16) (N  7) P value
Glomerular volume lm3  105 2.40.9 2.30.5 NS
Filtration surface density lm2/lm3 0.130.04 0.100.01 0.01
Filtration slit frequency slits/mm 1272182 111097 0.05
Glomerular basement membrane width nm 41761 46181 NS
Fractional interstitial area % 14.14.3 13.44.6 NS
Fig. 5. Filtration slit frequency (FSF) (A ) and filtration surface density
(SV) (B ) as a function of age in healthy subjects.
and microvascular capacity appears to us to be a more
plausible explanation for the above-mentioned, parallel
reduction in GFR and RPF than an increase in vascular
tone. An associated loss of cortical glomeruli would also
limit filtration surface area, thereby lowering overall
glomerular ultrafiltration capacity (i.e., two-kidney Kf),
along with RPF.
The pathologic hallmark of the obliterative microvas-
culopathy of aging is a high prevalence of glomeruloscle-
rosis that is most marked in the outer renal cortex and
becomes prominent only after the fifth decade, increas-
ing linearly in prevalence, thereafter [5, 6, 24]. Among
subjects 60 years the percentage of glomeruli that are
globally sclerosed is frequently in the 10% to 40% range
[5, 6], leading to a state of functional glomerulopenia. In
the juxtamedullary glomeruli, sclerosing injury in aging
subjects has been shown to result in a vascular connec-
tion between afferent and efferent arterioles, one that
while shunting blood past the obsolescent glomerulus,
serves to maintain an adequate rate of medullary blood
flow [25, 26]. In the cortex, however, glomerulosclerosis
may be accompanied by obliteration of the arteriolar
supply. Eventual resorption of obsolescent, sclerosed glo-
meruli is consistent with the findings of Nyengaard and
Bendsten [7]. They used an unbiased sterologic method
(the fractionator) to measure the number of glomeruli
of subjects coming to autopsy, who were known to have
had normal kidney function premortem, and shown to
have otherwise normal renal structure at autopsy. Sub-
jects over 55 years had fewer glomeruli per kidney than
those below 55 years old, 560 103 vs. 695 103, respec-
tively (P  0.001). Thus, a combination of functional
glomerulopenia owing to global sclerosis combined with
absolute glomerulopenia could sufficiently lower filtra-
tion surface area, and hence two-kidney Kf, to explain much
of the observed GFR reduction with advancing age. Re-
grettably, such a role for glomerulopenia could not be
evaluated in the present study. The demonstration of ab-
solute glomerulopenia is precluded by the absence of an
available technique that is sufficiently sensitive to di-
rectly image and count human glomeruli in vivo. The
extent of functional glomerulopenia secondary to global
sclerosis in the present study is limited by the small
population and tissue samples in our aging group 2 sub-
jects (Fig. 4). It is also possible that the rigorous screening
used to exclude impaired renal function in transplant
donors accounts for the trivial prevalence of global scle-
rosis in the aging group 2 subjects of the present study,
compared to that reported among seemingly healthy in-
dividuals in the autopsy literature.
A novel finding in the present study is that alterations
in glomerular structure with aging appear to lower the
Kf at the level of individual, patent glomeruli. This is a
consequence of a decline in both filtration surface density
and hydraulic permeability, respectively (Table 2) (Fig. 6).
Although the pathobiology of these structural changes
during aging remains to be elucidated, their net effect
is to lower SNKf by approximately 30%. This reduction is
within our computed range (21% to 53%) for, and could
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Fig. 6. Hydraulic permeability (k) (A ), fil-
tration surface area (S) (B ), and single-neph-
ron ultrafiltration coefficient (SNKf) (C ) in
youthful (40 years) vs. aging (55 years)
subjects. *P  0.05; †P  0.09 vs. youthful
group.
make a substantial contribution to aging-related low-
ering of two-kidney Kf.
We acknowledge that our estimations of both two-
kidney Kf and SNKf are limited by potential imprecision.
The most notable error in calculating two-kidney Kf is
likely to arise from discrepancies between our assumed
range of 
P values from 40 to 45 mm Hg, and the actual
value of 
P, which cannot be determined in humans.
Several factors could lead to errors in calculation of
SNKf. These include the use of fixed correction factors
for glomerular shrinkage associated with paraffin em-
bedding and immersion fixation that could compromise
the accuracy of our estimation of glomerular volume,
and hence filtration surface area [11]. Similarly, the need
to extrapolate data from rats for the dimensions of sev-
eral “nanostructures” in the glomerular barrier could
compromise the accuracy with which we have estimated
hydraulic permeability [17]. Nevertheless, our finding
that aging individuals exhibit a reduced frequency of
epithelial filtration slits points to a loss of hydraulic per-
meability. Similarly, our finding of diminished filtration
surface density points to a reduction of filtration surface
area. Together these changes provide at least semiquan-
titative evidence that SNKf is lower in aging than in
youthful subjects. The precise contributions of this phe-
nomenon, as well as those of functional and absolute
glomerulopenia to overall two-kidney Kf depression in
aging humans, remains to be elucidated.
CONCLUSION
In conclusion, we propose that a reduction in the size
and capacity of the renocortical vascular bed and an
ensuing glomerulopenia are more likely to account for
the low RPF in aging humans than altered vasomotor
tone. We speculate that Kf reduction owing to a loss of
filtration capacity at both the individual glomerular and
overall two-kidney levels could be uniquely responsible
for glomerular hypofiltration in aging humans.
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